Study objective-To analyse the geographical patterns and the magnitude of the association between deprivation and mortality in Spain. To estimate the excess of mortality in more deprived areas of the country by region. Design-Cross sectional ecological study using 1991 census variables and mortality data for 1987-1992. Setting-2220 small areas in Spain. Main results-A geographical gradient from north east to south west was shown by both mortality and deprivation levels in Spain. Two dimensions of deprivation (that is, Index 1 and Index 2) obtained by exploratory factor analysis using four census indicators were found to predict mortality: mortality over 65 years of age was more associated with Index 1, while mortality under 65 years of age was more associated with Index 2. Excess mortality in the most deprived areas accounted for about 35 000 deaths. Conclusions-Two indices of deprivation strongly predict mortality in two age groups. Excess number of deaths in the most deprived geographical areas account for 10% of total number of deaths annually. In Spain there is great potential for reducing mortality if the excess risk in more deprived areas fell to the level of the most aZuent areas. (J Epidemiol Community Health 1999;53:423-431) Since the publication of the Black Report 1 an increasing number of studies have shown that material deprivation indicators are important predictors of mortality inequalities. Strong positive associations between deprivation and mortality at small area levels have been mostly documented in England and Wales 2-5 and Scotland. [5] [6] [7] [8] In the analysis of 678 wards in the northern region of England, for example, age adjusted mortality rates in those aged 0-64 in the 10% most favoured areas were about one third of the rates found in the 10% worst aVected localities.
1
an increasing number of studies have shown that material deprivation indicators are important predictors of mortality inequalities. Strong positive associations between deprivation and mortality at small area levels have been mostly documented in England and Wales [2] [3] [4] [5] and Scotland. [5] [6] [7] [8] In the analysis of 678 wards in the northern region of England, for example, age adjusted mortality rates in those aged 0-64 in the 10% most favoured areas were about one third of the rates found in the 10% worst aVected localities. 2 Few studies have oVered quantitative estimates of excess deaths in the most deprived areas. 2 6 By the yardstick of the wards with the lowest mortality, the same study reported 930 excess deaths each year in the wards with the highest mortality. 2 In contrast, in many other European countries, and particularly in the southern ones, research on deprivation and mortality inequalities at the national level using small area analysis is very limited. 9 Additionally, many socioeconomic indicators are generally worse in the south compared with the north of Europe and the strength of the association between deprivation and mortality and their public health impact may be diVerent. 10 11 Spain in the past decade has shown poorer deprivation indicators compared with more developed European countries: unemployment rates twice the European Union's average and higher percentages of poverty and illiteracy. [12] [13] [14] Although there is no agreed upon definition for deprivation and how to measure it, 15 16 to best capture its multi-dimensionality, many diVerent socioeconomic indicators have been used. The most commonly used composite indices have combined several correlated indicators into a single score. 17 18 One of the drawbacks of using a single summary index is that some information can be hidden and therefore important aspects of deprivation may be lost. 16 In this paper we used a diVerent approach. By selecting four indicators from the 1991 Spanish census on the basis of the most relevant deprivation variables available and using exploratory factor analysis as a tool to tease out deprivation dimensions, we obtained two socioeconomic summary indices that were uncorrelated.
The aims of this study were: to analyse the geographical patterns and the magnitude of the relation between deprivation and mortality in 2220 small areas (hereafter called "zones") of Spain and to estimate the excess of mortality in deprived areas by 19 large regions (that is, Autonomous Communities). To our knowledge this study is the first nationallybased small area analysis of deprivation on mortality conducted in a southern European country.
Methods
Spain, a southern European country with almost 39 million inhabitants (1991 census data), is divided into 19 Autonomous Communities, 50 provinces and 8077 municipalities, which show a large diversity in their surface, population and socioeconomic variables. Using municipalities as the building blocks, and applying a Geographical Information System, 2220 geographical zones with at least 3500 inhabitants in each zone were constructed in a preliminary work. 19 This geographical framework made it possible to obtain both socioeconomic variables from the census and aggregated mortality data in the small area level for the whole country that has been used in two previous descriptive studies. 20 21 The number of deaths aggregated for 1987-1992 was available by age and zone from death certificates of the National Institute of Statistics of Spain. Total number of deaths for the period studied in Spain was 1 947 236. They varied from 58 to 5007 in the zones with less than 100 000 people and from 1801 to 149 694 in the zones over 100 000 (including two zones with more than 1 million people). Only 9418 deaths could not be assigned to any zones. Similar small percentages of missing deaths (0.1-0.6 %) were found across the Autonomous Communities except in the Balearic and Canary islands and Ceuta and Melilla where the number ranged from 2% to 4%. The populations in the 1991 census provided denominators for death rates in 1987-1992. To account for diVerences in age distribution across zones, a standardised mortality ratio for all deaths was computed for each zone by the indirect method. 22 23 A standardised mortality ratio value of a zone over (or under) 100 indicates more (or less) deaths than expected if the mortality in the zone was the same as that in Spain. Standardised mortality ratios for all deaths were calculated separately for two groups of age (0-64 and 65 or over). This cut oV point has been commonly taken as the age limit to define premature mortality. 2 6 Socioeconomic and population data were drawn from the 1991 census. Variables were selected based on two points: (1) small area variables considered to reflect area specific socioeconomic deprivation; and (2) variables measured in a systematic uniform fashion such as those available from census. Based on the information available in the 1991 Spanish census, four deprivation indicators were selected following theoretical criteria. 24 25 Unemployment (percentage of unemployed in the population aged 15 to 64 years) reflects the lack of income and material resources and vital and personal insecurity. Illiteracy (percentage of illiterate people in the population over age 10) reflects states of extreme lack of education. Persons considered illiterate include those who fell into one of two categories: lack of skills to write or read or those without any formal education. Social class (the number of persons with unskilled occupations divided by all people who ever worked) has been considered to be a fundamental element for explaining the relation between socioeconomic factors and health. Overcrowding (percentage of households with more than one person per room) refers to the lack of material resources. The first three indicators were moderately correlated (Pearson correlation coeYcients ranged from 0.42 to 0.57) while overcrowding showed lower correlations (0.11 to 0.36) with the other three. Using the four census deprivation indicators and applying exploratory factor analysis method with varimax rotation, 26 two socioeconomic dimensions (that is, Index 1 and Index 2) were identified that were uncorrelated with each other. Index 1 explained 47.6% of the variation of the four indicators, while Index 2 added 29.3% more accounting for a total of 76.9% of the variation. For Index 1, unemployment, illiteracy, and low social class showed high factor loadings (0.70, 0.82, and 0.85) while for overcrowding it was very low (0.08). For Index 2, the factor loading was very high for overcrowding (0.95), low for unemployment and illiteracy, (0.44 and 0.23) and nearly zero for low social class (-0.09). Deprivation scores for both indices were computed for each zone by computing factor scores. 26 Increasing scores in each index indicate greater levels of deprivation. Those scores were then categorised into quintiles.
Our analysis of the association between deprivation and mortality used exploratory tools such as descriptive tables and small area choropleth maps. Geographical distributions of each deprivation index and standardised mortality ratios in quintiles were examined visually using maps for each age group. Medians and upper/lower quartiles of standardised mortality ratios and those of deprivation indices were compared by the Autonomous Community level. The gradient of the association was then assessed by comparing standardised mortality ratios by quintiles of each deprivation index. After these exploratory steps, we confirmed the gradient by using Poisson regression models with random eVects. 27 The number of excess deaths were computed based on the Poisson regression model by hypothetically reducing the level of deprivation (one or both indices) of each zone to the lowest quintile and computing the reduction in model fitted expected number of deaths. The use of quintiles rather than deciles allowed us to get a more stable estimation of deprivation eVects. Models rather than crude mortality rates were used because we considered two indices of deprivation: to control for the eVects of one deprivation index when estimating the eVects of the other deprivation index. Table 1 shows a summary of demographic, socioeconomic, and mortality indicators of zones by Autonomous Communities ranked by the population level. DiVerences in deprivation indices and mortality were seen across Autonomous Communities. The worst deprivation indices and mortality were seen in two Autonomous Communities located in the south and south west (that is, Andalucia and Extremadura) and the cities of Ceuta and Melilla, while most north east Autonomous Communities (for example, Navarre, Catalonia, Rioja, and Aragón) had better scores. Standardised mortality ratios in the people aged 0-64 tended to be more associated to Index 2 while standardised mortality ratios for the older age group (65 or over) were more associated to Index 1. For example, two south eastern Autonomous Communities (that is, Valencia and Murcia) showed high values of standardised mortality ratios in the older group of age (65 or over) and Index 1, but lower values of standardised mortality ratios in the people aged 0-64 and Index 2. Two Autonomous Communities located in the north west of the country (that is, Galicia and Asturias) showed high values of standardised mortality ratios in the people aged 0-64 and Index 2 but lower values of standardised mortality ratios in the people aged 65 or over and Index 1. Large variations in standardised mortality ratios were observed in some Autonomous Communities. Canary Islands showed a large interquartile range of standardised mortality ratios for the younger group of age, while Madrid had a large interquartile range of standardised mortality ratios for the older age group.
Results
Maps displayed geographical inequalities across small areas of Spain. An overall worsening pattern for both mortality and deprivation indices from the north east to the south west was found. Nevertheless, depending on the index and the age group selected, two diVerent geographical patterns were observed. Firstly, higher scores of Index 1 were mainly shown in the south of the country ( fig 1A) in parallel to higher mortality for the people aged 65 or over ( fig 1D) . Secondly, higher scores of Index 2 were mainly shown in the north west and south west of Spain ( fig 1B) in parallel to higher mortality shown for the people aged 0-64 ( fig  1C) . Table 2 shows the association between deprivation and mortality by quintiles of Index 1 and Index 2 separately. Consistent with the results obtained in table 1 and figure 1, increasing scores of both deprivation indices were associated with mortality by age group according to the patterns described above. However, while Index 1 only showed a gradient with standardised mortality ratios for the age group 65 or over, Index 2 showed gradients in both groups of age although the gradient of the association was steeper in the age group 0-64.
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x Geographical patterns of excess mortality in Spain are associated with two indices of deprivation. x Increasing levels of deprivation indices are diVerently associated with mortality for two age groups (0-64 and 65 or over). x Excess mortality in the more deprived areas account for about 35 000 annual deaths. A higher proportion is found in southern regions. x There is great potential for reducing mortality if the excess deaths in more deprived areas fell to the level of the most aZuent areas. x Small area studies are a valuable tool to analyse and to pinpoint areas with higher mortality.
( fig 2B) . Estimates of the excess annual deaths by the Autonomous Community are shown in table 3. Total annual excess of deaths was estimated to be about 35 000 people in Spain. As expected the five most populated Autonomous Communities (that is, Andalucia, Catalonia, Valencia, Galicia, and Madrid) showed higher number of excess deaths. However, Andalucia and Extremadura located in the south and south west and comprising approximately one fifth of the population accounted for almost one third (10 450) of the total excess deaths. 
Figure 1 (A) Deprivation Index 1 in Spain 1991 for 2220 zones. (B) Deprivation Index 2 in Spain 1991 for 2220 zones. (C) Standardised mortality ratios 0−64 in Spain 1987−92 for 2220 zones. (D) Standardised mortality ratios 65 or over in Spain 1987−92 for 2220 zones.
Relative to their population size, the Autonomous Communities of Valencia and Murcia showed high excess numbers of deaths in the age group 65 or over, while Asturias and Galicia had high excess mortality in the age group 0-64.
Discussion
Several editorials have emphasised the public health impact resulting from the excess mortality in the more deprived population groups of the United Kingdom and the United States and the need to tackle health inequalities. Although many studies have been conducted in the United Kingdom, Sweden and the Netherlands, little has been done to assess the eVects of deprivation on mortality in other European countries. This investigation has shown: (1) the association and its gradient between deprivation and mortality in small areas of Spain and (2) estimated the levels of excess deaths by Autonomous Communities. The level of deprivation and excess mortality diVered substantially within the country. A striking example was found in Andalucia, which showed much higher levels of deprivation: with only 18% of the nation's population this Autonomous Community accounted for almost 30% of the unemployed and one third of the illiterate. Evidence from our study supports the idea that the health of people residing in such deprived areas is unfavourable. This must be recognised and tackled as a major public health problem.
DEPRIVATION INDICES AS PREDICTORS OF AGE RELATED MORTALITY
Exploratory factor analysis allowed for reduction of redundancy in the four indicators and produced two uncorrelated deprivation indices with reasonable levels of societal interpretation. Index 1 basically captured the meaning derived from unemployment, illiteracy, and low social class while index 2 basically referred to overcrowding. Using two dimensions rather than each of the four indicators was useful: (1) to clearly contrast the two types of deprivation in relation to mortality, which is not possible if analysed using each indicator and (2) to concisely convey our main findings instead of presenting four diVerent analyses. We found diVerential gradients between those indices and mortality indicators in two age groups. Index 1 predicted mortality for the older age group (65 or over) but not for the younger group (under 65). In contrast, Index 2 predicted mortality for both age groups although in people aged 0-64 the gradient was steeper. Reasons for those findings are unclear. Index 1 and Index 2 may reflect some rural and urban socioeconomic characteristics, which are likely to be related to age. However, as rural-urban diVerences were not studied in this paper, labelling the two indices with two clear cut notions such as "rural poverty" for Index 1 and "urban poverty" for Index 2 would be an over-interpretation of our results. Although for some specific geographical areas it would be possible to speculate on some factors, explanations for the whole country should be provided by further studies focusing on causes of death at the small area level within specific regions of the country. Standardised mortality ratios for 65 or over in the most deprived fifth of Index 1 and Index 2 were around 13% and 10.5% higher, respectively, than those in the least deprived fifth. Standardised mortality ratios for the under 65 in the most deprived fifth of Index 2 were around 15% higher than those in the least deprived fifth. The mortality gradient by deprivation levels was smaller than those found in other studies conducted in the United Kingdom 4 7 but similar to a study carried out in the Netherlands. 9 Reasons for these differences are not clear. As the north of England and Scotland have shown higher mortality rates within Europe, 32 33 and high death rates are often related to large socioeconomic diVerences, they might reflect real variations across the countries. Alternatively, deprivation indices might have diVerent social meanings and eVects between and within European countries. A study suggested that unemployment in Spain might be less stressful in southern regions where this condition is a "usual" state, while the social diVerentiation that stigmatises those unemployed in northern areas with economic crisis might be greater. 34 In addition, other factors might lead to underestimate the association between deprivation and mortality in Spain. For example, some of the zones studied were large urban areas in some of which mortality inequalities have been reported. 35 36 
GEOGRAPHICAL PATTERNS IN DEPRIVATION RELATED MORTALITY
Use of choropleth maps enabled us to examine the geographical distribution of deprivation and mortality across the country at the small area level. Despite some shortcomings (for example, attention may be concentrated in sparsely populated areas), 37 this method of visualising information is informative and the most widely approach used in geographical epidemiology. Higher levels of deprivation in Index 1 and higher mortality levels for the 65 and over age group matched in the south of Spain. Higher levels of deprivation in Index 2 appeared in the north west and south west of Spain predicting mortality for people aged 0-64. As causes of death were not studied explanations of those spatial patterns are not straightforward. Whether material or individual circumstances cause mortality diVerences may be debated. Both deprivation indices may predict mortality by reflecting aggregate individual deprivation or socioenvironmental deprivation. Research has not shown consistent results on whether or not area characteristics have an independent eVect on mortality. 3 38 39 For example, evidence of the deleterious eVects of overcrowded household conditions is mixed. In some studies overcrowding had substantial negative eVects 40 on mortality while there was no evidence in other studies. 41 Although results might reflect diVerences in the methods used they could also indicate diVerences in the meaning of overcrowding for diVerent areas. On the other hand, potential buVering eVects on health of social networks, social support, and social cohesion reported by some studies 42 have not been investigated, and the direction and magnitude of these possible eVects is uncertain. All these explanations are possible but they do not contradict the fact that diVerential mortality eVects are predicted by both deprivation indices. This research analysed the association between deprivation and mortality indicators but other mediating factors (for example, social deprivation, individual experience, individual behaviours or psychobiological factors) that lead to death were not investigated. Future studies that investigate in detail causes of death at the small area level should provide more specific answers to explain those associations observed here.
SMALL AREA ANALYSIS, EXCESS OF DEATHS AND HEALTH POLICY INTERVENTIONS
In Spain two major problems in existing health related data sources hinder the possibility to study nationally-based mortality inequalities at the individual level: (1) the lack of valid data in recording occupation on the death certificates, and (2) the existence of legislation that restricts the use of data on individual people making impossible its linkage with census information. 20 The 1991 Spanish Census is the only source of reliable and comparable socioeconomic data with complete coverage of Spain's population at the small area level. Illiteracy is the only one of the four selected deprivation indicators that has not been used as often in similar small area studies. It was included because education is a socioeconomic indicator often used in inequality research, 43 and in Spain education is a useful indicator to predict small area mortality inequalities. 35 36 Under the circumstances without a reliable individual database, public health researchers and policy makers could benefit from this approach. In Spain, as perhaps in other European countries, the study of mortality inequalities in the small area level overcomes the absence of socioeconomic data at the individual level. This study estimated excess of deaths at about 10% of total annual mortality deaths. Although causes of geographical patterns and excess mortality are not clear, those findings may have important implications from social and health policy perspectives.
Historical experience shows that ignoring mortality inequalities will not make them disappear or decrease. If more deprived zones are associated with poorer mortality indicators, eVorts to correct those inequalities should involve a positive discrimination of resources. Estimate of excess of deaths in those political areas should help political decision makers to implement decisions to reduce health inequalities. In Spain there is great potential for reducing mortality if the excess risk in more deprived areas were to fall to the level of the most aZuent areas. This paper is partially based on the first author's doctoral dissertation at Johns Hopkins School of Public Health directed by V Navarro. We are grateful to H Chamizo and Mª D García for their help in making the geographical framework used in this research, and to C Borrell and Mª I Pasarín for their assistance in preparing the data set used. The authors also thank Richard Wilkinson for his helpful comments on an earlier version of this paper. Conflicts of interest: none.
